This study examines the relationship between athletic success and student persistence toward a degree. We build an updated panel of NCAA Division I institutions and utilize within-institution variation to identify the effects of athletic success. Using a ranking of all institutions, we find that having more successful men's basketball and football teams has a significant positive effect on first-year retention rates. We also find some evidence that improved basketball rankings increase graduation rates, and that success in the NCAA tournament may have a sizable impact on retention. Although the estimated effects are generally modest in scale, we find rather limited evidence of other institutional factors affecting persistence, suggesting that athletics can be one avenue for institutions of higher education to engage and retain students.
Introduction
There is an ongoing debate among both stakeholders and the public as to the proper role of athletics in American institutions of higher education (IHEs). Recently, factors such as the amount of resources devoted to athletics, the integrity of the student-athlete experience 1 , and the oversight role of the National Collegiate Athletic Association (NCAA) have been increasingly scrutinized.
These concerns are prominent enough that in 2014 Congressional representatives proposed the creation of a Presidential commission to oversee the interaction between athletics and academics in higher education (Strauss, 2014) . In proposing this commission, Representative Jim Moran noted athletic coaches were the highest paid public employees in 40 states (Fischer-Baum, 2013 ), while only 20 Division I athletic programs were profitable (Fulks, 2014) . Such information may imply that the presence of athletics serves to distract from an institution's academic mission.
There are also potential benefits to having athletics as a part of higher education. As discussed further in the next section, several studies investigate channels through which athletics may benefit not only the student-athletes, but the entire student body and the institution itself. For example, athletic success may help advertise the institution to the general public, which could improve the status in the mind of potential students, as well as donors. Once students arrive on campus, athletics may help them become more engaged in the campus community, perhaps improving student persistence towards graduation.
This study provides new evidence on how athletic success relates to the academic success of the undergraduate student population. Specifically, we focus on how athletics impact student persistence towards a degree, as measured by both first-year retention and graduation rates.
Several previous studies, most notably those by Mixon and Trevino (2005) , and Tucker (1992 Tucker ( , 2004 ) have studied similar relationships. We build on these by providing more recent results, as well as utilizing improved data sources to make two key empirical improvements. First, we create a panel dataset, allowing us to implement an institutional fixed effects model. Thus, we examine how variations in athletic success within an institution affect the academic outcomes of students, while holding important time-invariant unobserved variables constant. The breadth of the institutional data further allows us to control for numerous key variables that change within institutions over time. Second, we utilize more complete athletic ranking information that allows us to include the full spectrum of institutions participating in NCAA Division I athletics. Previous studies tend to focus on institutions in so-called "power conferences" such as the Big 10, Atlantic
Coast Conference (ACC), and Southeastern Conference (SEC). While athletics are particularly important in these types of institutions, the debate over the appropriate role of athletics is not unique to the power conferences. Further, there is likely to be more variation in the level of success experienced by non-power conference institutions, which aids in identifying the specific impact of athletic outcomes on particular cohorts of students.
Our results indicate that success in the two most prominent sports, football and men's basketball, leads to significant increases in the freshman retention rate. We also find some evidence of a positive impact of basketball success on graduation rates. These results are robust to different sets of rankings and alternative measures of success as well as an alternative first-difference approach, and hold up against a series of falsification tests. While modest in magnitude, the results indicate athletics may foster student engagement on campus. Furthermore, as discussed more in the next section, previous studies have found remarkably few institutional factors that positively influence retention rates in a significant way. We next present a brief review of related research to provide more context for the study at hand.
Review of Related Literature
This study contributes to two strands of the higher education literature. The first examines factors influencing student persistence, and the second examines the impact athletic success has on academic outcomes. Studies on the topic of student persistence in higher education generally focus on two primary outcomes. The most commonly examined outcome is the level of attainment, typically measured as attainment of a degree (at the individual level), or graduation rate (at the institutional level). The second main outcome is the freshman retention rate. This statistic measures the percentage of first-time degree-seeking students that begin the fall semester of a given year that are still enrolled at the institution the following year. We utilize both measures, though we focus primarily on the freshman retention rate.
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Early work into why students emerge from higher education without a degree emphasized the importance of a student's first year experience. Examples include studies by Tinto (1975) , Bean (1980) , and Astin (1984) discussing how levels of student engagement and involvement, as well as social and psychological factors, are important in retaining students. For a more comprehensive look at theories regarding student retention, as well as a more detailed look at this strand of the literature, see Tinto (1993) and Tinto (2006) .
Much of the economics literature on persistence in higher education focuses on the role of financial variables. In particular, a great deal of research is dedicated to determining how institutional expenditures may be related to retention and graduation rates. For example, Ryan (2004) finds that institutional expenditures on instruction and academic support have a positive 2 Our emphasis on the retention rate is because we believe we can more closely associate athletic success in a given year with student outcomes in that particular year. When measuring graduation rates, by comparison, it is not as straightforward to establish the direct relationship between the outcomes of athletic competition and the academic outcomes of a cohort. For example, during the four to six years in which graduation rates are measured, the athletic program at a particular institution may have had both successful and unsuccessful years.
relationship with graduation rates, while expenditures on student services and administration have no significant effect. Gansemer-Topf and Schuh (2006) find that expenditures on academic support services are positively associated with both retention and graduation rates, while spending on student services is negatively related with these outcomes. Pike et al. (2006) point out that the contradictory results in such studies may be due to confounding factors related to institutional and individual differences in levels of student engagement. Many studies in the persistence literature do not implement institutional fixed effects models (commonly due to data constraints), which leaves questions as to the validity of the results. Webber and Ehrenberg (2010) , for example, use a model with a rich set of institutional control variables to show that expenditures on student services have a positive effect on graduation and retention rates. Despite the fact they utilize panel data, the annual variations in expenditures are not sufficient to allow the use of institutional fixed effects. Our use of institutional fixed effects limits one potential source of bias that is present in much of the persistence literature to date.
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Researchers have also examined non-financial institutional characteristics to determine the impact on student persistence. Some examples include: gender composition of faculty (Robst et al., 1998) , academic standing and qualifications of faculty (Ehrenberg and Zhang, 2005; Bettinger and Long, 2010) , and selectivity of the institution (Kim, 2007; Titus, 2004) . Chen (2012) conducts a comprehensive analysis of how both student and institutional characteristics affect dropout rates in higher education. She shows that numerous student-level characteristics are important, but virtually no institutional-level factors matter. In fact, the one variable that is statistically significant, expenditures on student services, has a negative relationship with persistence. Overall, while researchers agree on the importance of engagement in student persistence toward a degree, few institutional factors are reliably proven to have a meaningful impact. Policies based on the few significant effects that emerge, such as relying less on part-time and non-tenure-track faculty (Ehrenberg and Zhang, 2005) or increasing expenditures on student services (Webber and Ehrenberg, 2010) , are difficult to put into practice in times of tightening institutional budgets.
In one of the first studies to examine the relationship between athletic success and academic outcomes, McCormick and Tinsley (1987) investigate how the presence of a "big-time" athletic program influences the type of students an institution is able to attract. They show that being in a major athletic conference and having a higher football winning percentage both lead to higher SAT scores among entering students. The authors conclude that athletic success produces an "advertising effect" for the institution. More students become interested in a particular university because of its athletics, allowing the university to be more selective in admissions. Subsequent studies also find athletic success has a positive impact on the quality and quantity of applicants (Tucker, 2005; Pope and Pope, 2009; Anderson, 2015) 4 . Other outcomes of athletic success include increased alumni donations (Humphreys and Mondello, 2007) and improved position in subjective media rankings (Trenkamp, 2009) .
A few recent studies have shown that big-time college athletics may have a detrimental effect on the academic performance of students. Clotfelter (2011) finds that the usage of certain library resources decreases during the NCAA basketball tournament at institutions that participate in the tournament. This effect is especially pronounced for institutions that experience unanticipated success. Lindo et al. (2012) analyze student grade performance at the University of Oregon, and find that the performance of male students decreased (relative to females) in the fall quarter during more successful football seasons. 5 While not the focus of the study, the authors also examine how dropout rates respond to football winning percentage. They find no overall effect of success on dropout rates for males, while the dropout rate for females with low SAT scores are reduced when the football team is successful.
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Several previous studies have focused specifically on the relationship between athletic outcomes and student persistence. Tucker (1992) utilizes a sample of 64 universities and finds that having a successful men's basketball team (as measured by rankings) has no association with graduation rates, while having a successful football team is negatively associated with graduation rates. In a subsequent study Tucker (2004) revisits the issue with new data and finds that football success does, in fact, have a positive and significant association with graduation rates at the institution. Tucker's (2004) analysis of this cross-sectional sample of 78 institutions from major athletic conferences again shows that success in men's basketball is not related to graduation rates. Mixon and Trevino (2005) expand on this by analyzing the freshman retention rate (as well as the graduation rate) and looking at whether or not a school has a rich heritage of football success.
Using the same sample, they find that schools with stronger football programs do have higher retention and graduation rates. The authors conclude that athletics may serve to provide a diversion, as well as to engage students in campus activities.
In recent years, there have been improvements in the quantity and quality of data available to test the relationship between athletic success and student persistence. Notably, we utilize updated IPEDS data to follow institutions over several years. In addition, we leverage publiclyavailable comprehensive rankings systems to include more schools and a form a more complete analysis of how athletics and academics interact. We next describe the data in more detail before outlining our empirical methodology.
Data Description
We merge two primary data sources for our analysis. The first source is the institutional data from
The Integrated Postsecondary Education Data System (IPEDS) from the National Center for Education Statistics (US Department of Education. Institute of Education Sciences, National
Center for Education Statistics, 2015) . The second source is the basketball and football rankings data from The Kenneth Massey rankings comparison website (Massey, 2015) . In each case, our unit of observation is an institution of higher education for a given year. We form a nine year panel variables included in our analysis are reported) with Division I athletic programs.
Institutional Data
The IPEDS database is an extensive collection of information gathered from higher education institutions in the United States. Any such institution that participates in any federal financial assistance program is required to complete the surveys on an annual basis. We use this database to collect our key variables on student persistence: the freshman retention rate and the 6-year graduation rate for each cohort of students entering an institution. 7 As mentioned previously, the fact that these variables are publicly available for a large number of institutions on an annual basis is a distinct advantage of our study as compared to previous related works.
In addition to the core outcome variables, we also make use of the wealth of information available in IPEDS to construct a rich set of institutional control variables that may change within an institution over time, and that are likely to influence the student persistence measures. These include factors related to the selectivity of the institution, expenditures by category, composition of the faculty by academic status, as well as variables relating to the makeup of the student body.
Athletic Data
Previous research has focused mainly on how success of football and men's basketball programs affects educational outcomes (Mixon and Trevino, 2005; Pope and Pope, 2009; Tucker, 2004) . This is reasonable since football and men's basketball programs are often the most visible, attracting the most fans and media attention. As such, we also focus on the rankings of the football and men's basketball teams for our key measures of athletic success. There are many different ranking systems for both basketball and football teams. For example, Kenneth Massey maintains a website that compares the various systems and currently lists 46 ranking systems of college basketball and 115 ranking systems of college football (Massey, 2015) .
In choosing a ranking system, we aim to select a system that is comprehensive and consistent. Some ranking systems are only available for certain years and some systems do not rank all of the teams. We eliminate these from contention. For consistency, we elect to concentrate on ranking systems that provide rankings for both basketball and football programs. One could make arguments in favor of or against any given ranking system that meets these criteria. However, the differences between the various systems are typically at the margin. Again, referring to the Massey comparison site, one can see that the various rankings are heavily correlated. A valuable feature of the Massey comparison site is that it provides a "consensus" ranking for both basketball and football which is "determined using a least squares fit based on paired comparisons between teams for each of the listed ranking systems. If a team is ranked by all systems, the consensus is equal to the arithmetic average ranking. When a team is not ranked by a particular system, its consensus will be lowered accordingly" (Massey, 2015) . Therefore, the Massey consensus ranking represents the wisdom of the crowd. Presumably, this consensus ranking system has less noise compared to the other ranking systems that reflect one particular information source. Massey (2015) makes the ordinal rankings publicly available; these are the rankings we utilize. schools, so we utilize these rankings for the purposes of this analysis. The limitation here is that it significantly cut our sample size; the most recent ranking lists 128 FBS teams. Finally, we note that we utilize the final week's rankings from each season. While the rankings can fluctuate throughout the season, the final rankings should provide the most accurate information as to the ultimate level of success for a given team in a particular season.
Merged Data
Merging together the two data sources results in a primary sample of 2,761 observations from 333 institutions with NCAA Division I athletic programs. 9 Table 1 provides summary statistics for all 8 As a robustness check, we alternatively utilize the Sagarin rankings. This is discussed further in section 4.3. 9 The specific number of institutions included in each year of the dataset varies due to availability of the large number of variables included in the analysis. In specifications without covariates our sample size increases to 2,980 observations and includes 343 unique institutions. The control variables that are missing from IPEDS data (with the variables. While all institutions in our sample participate in NCAA Division I athletics, the summary statistics make it clear that this is a diverse set of institutions. For example, the sample includes institutions in which 5 percent of entering students receive federal aid, as well as institutions in which 95 percent of such students receive federal aid. We note that the distributions of each of the expenditure variables is positively skewed, hence, we utilize a natural log transformation on these variables in our analysis.
Each observation in our sample represents one cohort from a given institution. We also note that there is relatively little variability in the retention and graduation rates within institutions. The median standard deviation in retention rates within institutions is 1.73
percentage of the original sample missing in parentheses) are: SAT/ACT scores of entering class (4.1%), institutional expenditures by category (2.8%), and percentage of instructors that are tenure track (1.0%). The results of the analyses to follow are robust to focusing on the balanced panel sample of institutions for which data is available in each year. The results to follow exclude the 4 outlier observations for which retention rate is less than 49%. Several of these correspond to Gulf of Mexico area schools in the 2004-2005 cohort and are thus likely attributable to Hurricane Katrina (August 2005). Results are nearly identical when including these 4 observations and are available upon request. 10 Technically, average SAT scores are not reported in the IPEDS database. This variable is calculated as the average of the 25 th and 75 th percentiles of the SAT scores of the entering class. Not all institutions report SAT scores of the incoming class, but some that do not report ACT scores instead. In these cases, we find the "average" of the composite ACT score of the entering cohort and convert this to the equivalent SAT score using the guide provided on the ACT's official website (https://www.act.org/aap/concordance/index.html).
percentage points and the median standard deviation in graduation rates within institutions is 1.44 percentage points. Relative to the median overall sample retention rate of 82 percent and graduation rate of 63.2 percent, these standard deviations within institutions are small. Thus, even relatively small changes in these rates can be considered economically significant.
Empirical Strategy

Retention Rates Model
We are primarily interested in the relationship between athletic success and retention rates.
Retention rates are likely affected by many factors other than athletic success, including characteristics of the student body and institutional characteristics. We can observe and directly control for many of these characteristics, but there are likely other characteristics that are unobservable to us and that are correlated with athletic success and retention rates. Thus, we specify a model for retention rate that includes an unobserved heterogeneity component,
where is the natural log of basketball or football team ranking and is a vector of controls including the percentage of male students, racial/ethnic composition, percentage of students receiving federal aid, percentage of instructors who are tenure track, and the average SAT score of students for institution i in year t. It has been shown that institutional expenditures on instruction, academic support, and student services can be important for explaining retention and graduation rates (Webber and Ehrenberg, 2010) so we also include these as controls. We flexibly control for common time trends in retention with year fixed effects, . Finally, represents the unobservable time-invariant characteristics of institution i. In all cases, a ranking of 1 corresponds to the best team for the year. It is quite possible that the marginal effect is not constant throughout the ranking.
Taking basketball as an example, it is doubtful that an improvement in ranking from 300 to 275
will have the same effect on retention as an improvement from 50 to 25. Thus, we take the natural log of the rank as our independent variable. 11 We cluster standard errors at the institution level to account for any serial correlation within an institution.
We assume that the are fixed for the duration of the panel, but potentially correlated with the athletic ranking and retention rate. A specification that ignores the unobserved institutional heterogeneity could result in a biased estimate of the ranking coefficient. For example, if there are time-invariant unobservable characteristics that are positively related to retention rate and also positively correlated with ranking, an OLS estimate of will be upwards-biased. Nonetheless, there is more variation in athletic ranking across institutions than within institutions so we lose potentially valuable information with an institutional fixed effects framework. For this reason and for comparability with aforementioned studies, we present results for both OLS and institutional fixed effects estimations.
equation (1) to add school-specific linear trends, . This results in the random trend model 13 (hereafter IHE-specific trends model) (Wooldridge, 2010) ,
The benefit of the IHE-specific trends model is that it allows athletic ranking to depend on IHEspecific trends in retention ( ) in addition to the IHE-specific level of retention ( ) (Wooldridge, 2010) . In other words, the strict exogeneity condition for the IHE-specific trends model is ( | , , , ) = 0, which is less restrictive than the strict exogeneity condition of the basic fixed effects model of ( | , , ) = 0. In our context, this implies that time-varying omitted variables that drive changes in both athletic rankings and retention rates at the IHE level are not a problem for our identification so long as a linear trend can capture the relationship between the omitted variables and retention rates. We present results in section 5 for equations (1) and (2), but note that the IHE-specific trends model (2) is our preferred specification because it allows for heterogeneity in trends and hence is less susceptible to biases from time varying omitted variables. 
Graduation Rates Model
Retention rates represent a good metric of success for institutions of higher education. When a higher percentage of students return after their first year, it could mean that students are happier with their educational experience. More athletic success could feasibly translate into an enhanced student experience, which could explain a higher retention rate. However, ultimately degree attainment is the outcome both students and institutions rely on to measure success. As mentioned in the review of the literature, greater success in first-year retention should have a significant effect on graduation rates, though this is not necessarily the case. For example, it could be the case that students come to later regret this decision to return and then transfer at a later date. It could also be the case that more students are retained from the first year due to athletic success and subsequently struggle academically, ultimately departing without a degree. We investigate these possibilities by specifying a second model with graduation rates as our dependent variable.
Graduation rates for a given cohort are affected by what happens throughout the cohort's duration at the institution. Since we focus on 6-year graduation rates, we follow Webber and
Ehrenberg (2010) in constructing 6-year averages of each of the explanatory variables. We simply take Equation 1 and substitute graduation rate for retention rate and the 6-year averages for ranking and other explanatory variables 15 , resulting in the empirical specification,
Note that this graduation rate model substantially reduces our sample size because, given the time period of our sample, we can only calculate six-year averages for four academic cohorts (cohorts entering first year 2003-2004 to 2006-2007) .
NCAA Basketball Tournament Model
As an extension to our primary analysis described in section 4.1, we use an alternative measure of athletic success. Here, we focus on the success of basketball teams as measured by NCAA 15 In the results displayed in the subsequent section we utilize a smaller set of control variables as compared to the retention rate models. In particular, the demographic composition variables are omitted as they are not found to be meaningful in the context of averaging across cohorts. The results presented are robust to the inclusion of these additional controls.
tournament appearances and wins. The NCAA basketball tournament provides national exposure to institutions, generates considerable revenue 16 , and potentially creates excitement on campus.
Each year, 64 teams 17 are selected for the tournament with much fanfare on "Selection Sunday."
The single elimination tournament stretches for several weeks in March, culminating in the Final Four and national championship game. Due to the single elimination nature of the tournament, some teams will underperform their ranking and others will perform better than expected. Whereas marginal changes in rankings of basketball teams may not concern a majority students, unexpected success or failure in the NCAA tournament may be more salient. For example, if a historical basketball powerhouse does not make the tournament, this may be a significant disappointment to students. Conversely, a tournament run by a school not known to be a basketball power may be a source of considerable student excitement and engagement.
To estimate these potential effects we amend equation (2) 
Robustness Checks
We estimate several alternative model specifications to examine the robustness of the results for the retention rate models. In each case, we focus on the IHE-specific trends model since it is our preferred specification. Our primary analysis, discussed in 4.1, estimates separate models for basketball and football rankings. Here, we instead specify a model with both football and basketball rankings. Additionally, we examine an alternative rankings system. One of the most well-known systems is the Sagarin ranking of both basketball and football teams. One potential concern with our identification strategy is that athletic success has been shown to help IHEs attract better students (Anderson, 2015; McCormick and Tinsley, 1987; Mixon, 1995) . Better quality students may improve retention. If so, the current year's retention 19 The eight possible categories would be not making the tournament, 6 tournament rounds, and national champion. 20 Several related studies, such as Trenkamp (2009) and Rishe (2003) also use the Sagarin ratings as measures of athletic success. Rishe makes the case that these ratings are preferable to other measures, such as Associated Press Top 25 rankings, because they are based on statistical models (rather than voting) and include a ranking for all teams. We use the overall Sagarin rating, which is a synthesis of several underlying rating methods. The exact methods used by Sagarin to develop the overall rating are not publicly available.
rate may be a function of the previous year's athletic success. Previous athletic success may also be correlated with current athletic success so we could have an endogeneity problem. The IHEspecific trends model lessens this identification threat if athletic success and retention have been changing over time and within a school in a linear fashion. However, another way to address this concern is to use a measure of unexpected success. One measure of unexpected success is to compare the athletic ranking at the end of the season during a student's freshman year with the athletic ranking at the end of the season prior to the student arriving on campus. We can do this through a first-difference approach 21 ,
Here, ∆ denotes a one-period difference (for example, ∆ = − −1 ), and are year fixed effects to account for aggregate trends. Like the fixed effects estimator, the first-difference estimator eliminates any time-invariant unobservables (Wooldridge, 2010) . As noted by Wooldridge (2010) , very different estimates from the fixed effects and first difference estimators can signal endogeneity concerns. Thus, comparing the first difference estimates to the fixed effects estimates is a useful robustness exercise.
As a final robustness check, we consider the issue of athletic conference alignment and the extent to which this may factor into our observed relationship between athletic success and retention rates. In particular, we are concerned that an institution's athletic success may be correlated with a change in conference affiliation. Previous research has shown that conference realignment is correlated with measures of athletic success, such as football attendance (Groza, 2010) . Studies have also found athletic conference affiliation is correlated with academic outcomes, such as how an institution's status is perceived (Lifschitz et al. 2014) , as well as an institution's overall competitive strategy and aspirational goals (Sweitzer, 2009) . To account for this potential source of bias, we re-estimate our preferred IHE-specific trends specifications from equation 2 with the addition of dummy variables for the athletic conference each team is affiliated with in each year.
Results
Retention Rates Results
We begin by examining the impact of basketball rankings on retention rates. The results of the various modeling specifications used to identify this relationship are presented in Table 2 . In each of the specifications a more successful basketball team (a decrease in the numerical ranking) has a significant positive impact on the first-year retention rate (with at least a 10% level of significance). As expected, the OLS point estimates in the first column are larger than the corresponding fixed effects estimates. This reflects the idea that institutions with more successful athletic programs also tend to have other unobservable characteristics that lead to higher retention rates. It likely also reflects the fact that there is more variation in athletic success across institutions, as opposed to within institutions over time, with which to identify an impact. 22 The second column presents results from the fixed effects model without covariates, and the third column present this parsimonious specification for the IHE-specific trends model. In each case, the presence of a successful basketball team in a given year increases retention at that institution as compared to years with a less successful team. The fourth and fifth columns present the results of these two models when additional explanatory variables are included. Finally, the sixth column presents results from the sample of institutions that do not also have a football team. Given that football 22 It is worth noting again here that our OLS estimates do include state and Carnegie classification fixed effects, which alleviates some of the concern over omitted variable bias. and men's basketball are typically the most prominent sports on campus, it may be that basketball success has a stronger impact on a campus that does not have football. The results provide some evidence for this theory, with the magnitude of the coefficient tripling in size as compared to the full sample.
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At the bottom of Table 2 , we present the estimated marginal effects on retention from slipping one place in the rankings for reference rankings of 5, 10, and 25. While the estimated magnitude of the marginal effects in each of the non-OLS specifications is relatively small, it is important to note that few variables significantly impact retention rates at all in the institutional fixed effects and IHE-specific trends models. The only variables besides basketball ranking that are significant with at least the 10 percent level in both specifications are the average SAT score of the incoming class and the level of expenditures on student services. Moreover, changes in rankings over years within an institution are often more substantial. For example, consider the impact of an institution improving its basketball ranking from 50 to 10. This would be a large improvement, but this amount of variation is not at all unusual during the period of our sample.
The IHE-specific trends model in column 5 estimates that this improvement would increase the retention rate by approximately two-tenths of a percentage point. This is about the same as increasing the average SAT score of the incoming class by around 22 points. Results in appendix Table A1 also demonstrate the magnitude of the effects. Relative to being ranked at 51 or higher, moving into the ranking range of 1-25 increases retention by around 0.38 percentage points for basketball and 0.45 percentage points for football. Table 3 presents the results of specifications estimating the effect of football success on retention rates. The results are similar in that increased performance of the athletic program is 23 We use Stata's suest framework to test for a difference in the coefficients between the samples. We fail to reject the null of 0 difference at conventional levels (p-value=0.16).
shown to have a positive effect on retention, as well as the fact that the coefficient from the OLS specification is large compared to those of the fixed effects and IHE-specific trends variations.
Since we limit the sample to institutions participating at the FBS level, the sample size is roughly a third of that from the basketball specifications. Using this sample, we again find that there are very few institutional factors that are found to have a statistically significant impact on the likelihood that a first-time student returns for his or her second year. Besides the football ranking, the only variables estimated to be significant in the IHE-specific trends specification are the SAT scores of incoming students, and expenditures on student services.
Graduation Rates Results
In Table 4 we present the results from estimating the model using 6-year graduation rates as the dependent variable. As with retention rates, we present OLS, fixed effects, and IHE-specific trends specifications focusing separately on success in men's basketball and football. Overall, we find less statistical significance in the impact of athletic success on academic outcomes. For the basketball rankings, there is some modest evidence of a positive impact on graduation rates. The OLS coefficient is highly significant, while the IHE-specific trends coefficient is significant at the 10 percent level. On the other hand, there is no evidence that football success has a significant impact on 6-year graduation rates.
One explanation for the lack of significance in graduation rates is that while athletic success may be a factor in increasing a student's initial engagement level with an institution, it is likely not a strong enough factor to impact persistence all the way to a degree. Another factor in the lack of results may be the short time period of available information, which is particularly an issue in the fixed effects and IHE-specific trends specifications. Finally, as discussed in section 4, the matching of 6-year averages for the variables may create too noisy of a measure of athletic success.
The average of the basketball team's ranking over 6 years may be influenced by one particularly bad or particularly good year, and two similar average rankings may mask considerably different year to year outcomes.
NCAA Basketball Tournament Results
We utilize rankings as our primary measure of athletic success because they provide a way to quantify success for each team in NCAA Division I athletics and provide a great deal of variation with which to identify potential impacts. However, with around 350 basketball teams participating, it may be possible that even large changes in rankings may not be particularly noticeable to those around campus. For instance, would students become more engaged in an institution if the basketball team improved its ranking from the previous year from 300 to 200?
Perhaps a more discrete measure of success would allow for a more realistic estimate of the impact on academic outcomes. The NCAA basketball tournament provides a way to discretely quantify the success of a team in a particular season. As described in section 4, the results in Table 5 are obtained by replacing the basketball ranking variable with two categorical variables: whether the team made the round of 64 in the tournament (and lost), and whether the team won at least one game. The reference category in these specifications are the teams that did not make the round of 64.
The first two columns show results for the full sample of schools, using fixed effects and IHE-specific trends specifications, while columns 3 and 4 use the sample of schools that do not have a football program. The spirit of the results are similar in all four specifications; making it into the tournament has no significant effect on retention rates, but winning at least one game has a positive and significant effect on retention. The magnitude and significance of the effect are particularly strong for the schools in which there is no football program. Again it must be pointed out that including the fixed effects and institution-specific trends makes it difficult to find other institutional factors that significantly impact retention. Having success in the NCAA tournament is estimated to have a practically significant impact on retention in this case. If we examine the results in column 2 of Table 5 , we see an estimated impact of winning at least one game of 0.275 percentage points. Based on the median entering cohort of the institutions in our sample (1,905 students), this suggests that an additional 5.2 students would be retained in a year in which the basketball team won a tournament game. This is the equivalent to raising the average SAT score of the cohort by around 31.8 points. The effect is larger yet for the subsample of non-football institutions; column 4 with IHE-specific trends estimates that the retention rate increases by around 1 percentage point with an NCAA basketball tournament win. 24 The median institution in this subsample has an entering cohort of 1201 students suggesting that an additional 12.1 students would be retained with a tournament win. This could be a difference of hundreds of thousands of dollars in tuition revenue for these institutions. Table 6 presents the results of some robustness checks of our primary results. 25 These checks focus on the model using retention rates as the dependent variable and our preferred specification of IHE-specific trends. To begin, we account for the fact that separating football and basketball success into distinct specifications may cause us to misstate the impact of success in one particular sport. The first two columns of Table 6 present results in which the basketball and football rankings of each institution are included simultaneously, first in a parsimonious specification and then including the covariates. The estimated impacts of success in each sport are significant, and the magnitudes of each coefficient are similar to those obtained when estimating separate specifications.
Robustness Checks
Columns 3 through 6 of Table 6 present the results when we replace the Massey consensus ranking from our primary analysis with an alternative ranking system, the Sagarin rankings. When examining basketball rankings using the Sagarin system, we find a significant impact on retention in the parsimonious specification, but the effect is no longer significant when the covariates are added. For football rankings, both specifications find significant results indicating that improved football rankings increase the first-year retention rate. The magnitudes of the coefficients are quite similar to those using the consensus ranking (displayed in Table 3 ).
Next, we proceed to the first difference estimates, as specified by equation 5. These firstdifference estimates, which may be a better indicator of the effects of unexpected success, are shown in Appendix Table A2 . We show results with and without the additional time-varying IHE level controls, where the controls are the same as those used in the prior tables. Basketball results are shown in columns 1-4 of Table A2 . Comparing these to the fixed effects and IHE-specific trends columns of Table 2 , we see that the estimated effects of ranking on retention are essentially the same. Likewise, the estimated effects of football ranking on retention shown in columns 5-6
of Table A2 agree with what we find in Table 3 . Therefore, our measure of unexpected success produces the same results as our main specifications.
The results of our final robustness check, addressing potential bias from changes in conference alignment, are presented in Appendix Table A3 . The main coefficients displayed in Table A3 are very similar in magnitude to the analogous results in Tables 2 and 3 . The results in column 2 are now significant at the 5 percent level (previously at 10 percent level), while the result for the sample of non-football schools in column 3 is no longer significant at the 10 percent level (p-value = 0.110).
Falsification Tests
A previously mentioned concern for our identification is that prior year athletic success can potentially affect both current athletic success and the composition of incoming students, which in turn can affect retention. If this is true, we would have an endogeneity problem and our results could be biased. Therefore, we conduct falsification tests to see whether or not athletic success in the previous year affects current retention. We take equation (2) and replace current athletic ranking with the previous year's athletic ranking. A significant coefficient on previous year's ranking would then cast doubt on our identification strategy. Similarly, future athletic success should not affect current retention so we also modify equation (2) with future athletic ranking in place of current athletic ranking. In each case, we investigate for both basketball and football rankings. Table 7 presents results for the previous year's ranking and Table 8 shows results for the future year's ranking. The first (last) 2 columns in Tables 7 and 8 Tables 7 and 8 . Moreover, the point estimates on the rankings coefficients are smaller in magnitude than their counterparts from Tables 2 and 3 and often even positive. These null findings for the falsification tests provide more confidence that we are identifying the effect of rankings on retention in our main results in Tables 2 and 3 .
Next, we also estimate equation (2) by simultaneously including previous athletic success, current athletic success, and future athletic success. Columns 1-5 of Table 9 show these results.
Encouragingly, there are no significant coefficients on the past or future years' rankings and coefficients on the present year's ranking are strikingly similar to the corresponding coefficients in Tables 2 and 3 . Altogether, we do not find any evidence to support an endogeneity story of recent athletic performance driving current retention. Similarly, once controlling for IHE specific retention levels and linear trends, we find no evidence that future athletic performance significantly relates to current retention.
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Another potential concern is it may simply be that athletic programs tend to improve at the same time as other unobservable aspects of the IHE. It could be these unobservables that are driving changes to the retention rate and we are misattributing the effect to the athletic success; we may have an omitted variables bias. Again, to the extent that these improvements occur in a linear manner, the trends of the IHE-specific trends model will account for these changing unobservables.
Nevertheless, we turn to a less visible sport, women's basketball, for a falsification test. The logic is that success in this less visible sport should not significantly affect retention rates. A significant relationship between women's basketball success and retention could be a good indication that other time variant unobservable factors are driving the results. Comprehensive rankings of women's basketball are not available so we utilize data on NCAA tournament success. Table 10 26 We also conduct the analogous falsification tests using previous and future year's NCAA tournament success. Once again, we find no statistically significant effects. These results are available upon request.
shows the results for this falsification test. Columns 1 and 3 provide results for the same sample of IHEs that comprise the men's basketball ranking sample. Columns 2 and 4 narrow the sample to only IHEs that make appearances in the women's NCAA basketball tournament within our sample period. In all cases, there is no statistical difference in retention rates from making the round of 64 and losing or from winning at least one tournament game, relative to the base category of not making the tournament. This provides some evidence against the argument of an omitted variables bias problem.
Conclusion
Athletics, for better or for worse, have historically been a major part of many higher education institutions in the United States. Their role in promoting or detracting from the academic missions of these institutions has long been a source of debate. On the one hand, major athletic programs may serve to divert scarce institutional resources and distract students (both athletes and otherwise) from their academic pursuits. On the other hand, athletics may create a stream of revenue, while promoting the institution to the public, and perhaps provide a means to increase student engagement on campus. This increase in engagement may, in turn, increase the likelihood that a student continues in his or her education, and ultimately attains a degree.
In this study, we provide new evidence on the relationship between the success of an institution's athletic programs and the persistence rates of the student body. We primarily use rankings in men's basketball and football as our measures of athletic success and utilize panel data, allowing us to focus on variations occurring within the same institution over time. The ability to analyze within-institution variation on the full set of NCAA Division I institutions represent key empirical additions to previous studies on the topic. Our results suggest that success in the two most prominent sports has significant positive effects on retention rates, and that basketball success may increase graduation rates.
Furthermore, we implement a series of falsification tests to address concerns of the potential endogeneity of athletic success to student persistence. A leading threat to our identification is that athletic success may be persistent over years and success in a previous year may improve current retention due to student composition effects. The falsification tests do not provide any evidence to support this concern. A second identification concern is that there may simply be time-varying omitted variables that are correlated with both retention and athletic success. We address this concern by including IHE specific linear trends and by testing the effect of success in a less visible sport, women's basketball, on retention. The null results here strengthen our case that the main results are not simply being driven by omitted variables.
While the estimated effects are modest in magnitude, it is important to note that very few institutional-level variables have been shown to impact student retention in a meaningful way. In addition, we find the impacts may be more substantial for a more noticeable measure of success, such as winning a game in the NCAA basketball tournament. These findings do not resolve the debate on the role that athletics should play in American institutions of higher education, but they do support the notion that there can be benefits to the student body in promoting the success of the athletic program. 
